Renewable energy resourses such as photovoltaic (PV) power and wind power have been installed in power networks as one of the countermeasures for global warming and depletion of fossil fuels. In particular, PV is the most promising of all renewable energy sources in Japan. However, the voltage may be risen due to the reverse power flow by connecting them to the distribution network. As one of the solutions for voltage problems due to the large scale penetration of PV generation, Voltage regulation by SVR (Step Voltage Regulator ) has been expected. In this paper, we examine the optimal allocation and planning of the SVR for stabilizing voltages when PV generators are installed to a large extent into distribution networks. As a result, the voltage deviation can be reduced 84.5% on average with introducing a SVR. The optimal allocations are depended on capacities of PV generators. In addition, the voltage deviations are decreased 2.17% on average in every PV installation plan by replacement a SVR.
Introduction
In recent years, reduction of greenhouse gas emissions has been a serious issue through against global warming. Japanese government aims to reduce 25% of the emissions in 1990 by 2020. After the nuclear incident in Fukushima in Japan, the power sector have to take responsible for reducing 25% of the greenhouse emission by the expansion of the use of renewable energy more than ever. Among renewable energy sources, the PV is expected to play a key role in the expansion of renewable energy due to its simple introduction, and by 2020, PV is hoping to generate about 28GW, and 53GW by 2030. In particular, PV would be installed in residence area from the background of FIT(Feed-In Tariff). However, the voltage may be risen due to the reverse power flow by connecting them to the distribution network. In addition, the PV output changes have possibility to cause the voltage fluctuation. Up to the present, the studies on the optimal capacity and locational configuration of phase modifying equipment and voltage regulators aiming at voltage maintenance value (101±6,202±20V,etc） have been LRT SVR SVC ¥ target Fig.1 The outline of voltage operation with control equipment on distribution networks.
reported. Fig.1 shows the outline of voltage operation with control equipment on distribution networks. In Fig.1 , the battery or SVC(Static Var Compensator) are able to suppress the surging voltage with the quick response speed. These devices have the disadvantages to adjust voltages since the capacity would be large. On the other hand, LRT (Load Ratio control Transformer) and SVR (Step Voltage Regulator) have the advantage to control the voltage with changing tap ratio. Especially, as one of the solution to the rising voltages due to the surplus energy of supplied power from PV, applying SVR has been considered. The optimal allocation and operation methods of SVR have been reported in the past [1] [2] [3] [4] [5] . However, it is thought that the load such as demand and PV generators would be further introduced in distribution network from now on. There are few reports of the optimal arrangement and the advantage of a SVR installation considering the LDC (Load Drop Compensation) control of LRT. In this paper, we propose the optimal allocation of SVR in distribution networks to stabilize voltages when installation of PV generators is increased. Furthermore, planning and evaluation approaches of SVR are presented in case of large scale installation of PV generation.
Structure and operational condition of test network

Structure of Test model
In this study, we decide the allocation and replace SVRs in a distribution network. The structure of the test distribution is shown in Fig.2 . 
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(10) Features of the distribution network are as follows; -All nodes are P-Q specified nodes.
-The distances of each branch are 0.3km.
-The based capacity of the network is 4MVA and the slack node is set to the primary bus on a distribution substation (branch1). -The resistance is 0.062Ω and the reactance is 0.072Ω in every branch.
Daily Profile of Demand
A day with off-peak demand is used in simulations. Daily demand data is measured every hour at a site in Saitama prefecture, Japan. The off-peak demand was observed to 2009/4/26. The active and reactive power is calculated on condition that the power factor is 0.9. The demand curves are shown in Fig.3 . 
Daily profile of PV output
The PV output data on a sunny day is used to conduct simulation and analysis. The PV output on the sunny day is actual data measured in Tokyo area. The normalized PV power is shown in Fig.4 . 
SVR model
The voltage regulation is carried out with switching the tap of SVR (Step Voltage Regulation). The sudden voltage sag is not regulated only by changing the tap of SVR. However, SVR isusually installed in distribution networks since it is low cost and esay to introduce. In installing SVRs, it is also necessary to take the tap position and ist control into consideration. Transformer ratios of SVR and secondary voltage can be expressed as equation (3) and (4) . In this study, the SVR is assumed to have nine taps and its step size is 1.25%.The relationship of tap ratios and tap position is described in table.1 [4] .
Allocation of SVR for voltage regulation
Increase of PV generators
In this paper, the optimal allocation of SVR is carried out to maintain the voltage stability when the installed capacity of PV generators is increased. In the test model, areas in the frame in the Fig.6 is asuumed to consisit of commercial districts or industrial districts. The others area is asuemmed to consisit of residential districts. Fig.6 The constitute of the network model. PV generators are assumed to be equally installed at the end of network bus 32, 37 and 40 PV generators are installed according to three plans of Fig.7 . In each plan, the insatalled capacity of PV generators is increased and accumulated gradually at ten different sections from 3.75% to 37.5% of system capacity. In addition, the power factor of PVs is set to be 1.0 and the output of PVs is known. SVRs are allocated by solving the above optimal power flow calculation with constraints equations (6)-(9).
Application to A Test Network
Decesion a SVR allocation in PV pattern1
First, we decide to allocate a single SVR to 10 cadiadte sections in distribution feeders under PV insatallation plan-1.
The voltage deviations and the placements of a SVR are shown in Fig.8 . In Fig.8 , the deviation can be reduced 84.5% on average by introducing a SVR. The results of the simulation is summarized to below.
(1) After the SVR allocation to section 2, the optimal installation site changes. This is because the voltage drop is improved, since PV generators are introduced and power flow on line is decreased. 
(10) The deflections of each pattern are different due to the position of LDC when the section is 2-5. Even though the width of voltage drop is even lower, the deviation is increased because the sending voltage is set to high at PV pattern 1 and 2. In pattern 3, on the other hand, the deflection is gained when the voltage is increased due to the reverse flow at the section of 6.
The optimal replacement of SVR
Since the optimal allocation depends on capacities of PV generators, SVR allocation and installation plans are determined to minimize the total cost of insatallation in several sections. We defined the costs of allocation as follows. The count of initial cost is 3 points, and the displaced cost are 2 and the operational cost is 1. Then, we calculated the cost and sum of voltage deviation. Fig.11 The relationship of the cost and the deviations until the 10 section
The relationship of the cost and the deviations until the 10 section is shown in Fig.11 . Fig.11shows the voltage deviations are decreased if more cost are paid. The sum of the voltage deviation is the smallest in PV pattern3. In addition, the voltage deviations are reduced 2.17% in PV plan1, 3.02% in plan2, 1.32% in plan3 by displacing a SVR.
Conclusion
We proposed an approach to allocate SVR in distribution feeders in case of large scale insatallation of PV genrators in this paper. As the first step, the LRT model using LDC control and the SVR model is formulated. As the second step, the arrangement of aSVR is determined by solving the optimal power flow calculation utilizing enumerative method. The voltage deviation can be reduced to 84.5% in average with introducing a SVR. Conducted simulations shows that the optimal allocation is depending on capacities of PV insatlled generators. Finally, The optimal replacement of SVR is conducted. The voltage deviations are reduced 2.17% in PV plan1, 3.02% in plan2, 1.32% in plan3 by displacing a SVR. As a future subject, the cooperative control with SVC are to conduct considering the intermittency of PV generators.
